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To address the function of the Golgi- and nuclear envelope-localized spectrin family member synaptic nuclear envelope protein-1
(Syne-1), we expressed two separate recombinant fragments derived from the central portion of the molecule. Both of these fragments
were predicted to act as dominant negative inhibitors of Syne-1 function at the Golgi. One of the fragments was previously shown to bind
the Golgi complex. The other fragment was found to form microtubule-associated puncta that sequester endogenous Syne-1. Expression of
either fragment resulted in a cell type-specific alteration in the structure of the Golgi complex, which appeared to collapse into a compact
juxtanuclear structure in some cell types but not others. These fragments were expressed in cultured cells and their effects on Golgi
function were examined. Expression of both dominant negative Syne-1 fragments blocked recycling of the endoplasmic reticulum (ER)
resident protein disulfide isomerase (PDI), which accumulated in the Golgi complex. In addition, we found that fragment expression
altered the distribution of the KDEL receptor and the COP-I coat protein h-COP, two proteins known to be involved in regulating the
retrograde pathway. We conclude that these results indicate a role for Syne-1 in facilitating retrograde vesicular trafficking from the Golgi
to the ER.
D 2004 Elsevier B.V. All rights reserved.Keywords: Syne-1; Golgi; Spectrin; Endoplasmic reticulum; Retrograde vesicle transport; Microtubule1. Introduction
Originally identified in muscle, the synaptic nuclear
envelope protein-1 (Syne-1) gene (also referred to as
Nesprin [1] and Myne-1 [2]) encodes a large 25 kb tran-
script that exists as several alternate transcripts with varying
tissue distributions [1–5]. These transcripts encode large
spectrin-like molecules, each containing multiple sequential
copies of a conserved 106 amino acid spectrin repeat
domain. However, apart from these spectrin repeats, Syne-
1 is otherwise distinct from other spectrin family members,
and likely represents a novel branch of the spectrin super
family. Functionally, Syne-1 differs from conventional
spectrin family members, which typically act at the plasma0167-4889/$ - see front matter D 2004 Elsevier B.V. All rights reserved.
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Abbreviations: ER, endoplasmic reticulum; Syne-1, synaptic nuclear
envelope protein-1; BSA, bovine serum albumin; PBS, phosphate-buffered
saline; MDCK, Madin–Darby canine kidney; PDI, protein disulfide
isomerase; KDEL-R, KDEL-receptor
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E-mail address: kabeck@ucdavis.edu (K.A. Beck).membrane. The original muscle-specific forms, Syne-1A
and Syne-1B, were identified as nuclear envelope binding
proteins, both having a nuclear envelope binding site near
their carboxyl termini [1,3]. Subsequently, Syne-1 was
found to localize to the Golgi complex of kidney epithelial
cells, and two distinct Golgi binding sites located distal to
the nuclear envelope binding site were identified [4]. These
observations indicate that Syne-1 is a multifunctional pro-
tein acting at two distinct subcellular sites. While it has been
proposed that nuclear envelope association relates to roles
for Syne-1 in nuclear migration [6] as well as nuclear lamin
function [2], a precise function for Syne-1 at the Golgi
complex has yet to be identified.
The potential functional significance of a Golgi-localized
spectrin-like protein can be inferred from the functions
proposed for spectrin at the plasma membrane (for review,
see Ref. [7,8]). It is well established that the spectrin
membrane skeleton of erythrocytes provides structural
support to the red cell plasma membrane [9]. A Golgi
localized spectrin membrane skeleton could play a similar
role maintaining the structural organization of the Golgi
L.L. Gough, K.A. Beck / Biochimica et Biophysica Acta 1693 (2004) 29–3630complex, which is tightly coupled to Golgi function. In
support of this, we have recently shown that ectopic
expression of one of the two Golgi binding sites of Syne-
1 leads to altered Golgi morphology [4]. Alternatively,
plasma membrane spectrin has been implicated in the
formation of membrane domains enriched in classes of
membrane proteins, an essential step in membrane protein
sorting. Thus, a Golgi-specific spectrin membrane skeleton
could also serve to facilitate protein sorting events within
the Golgi complex.
Membrane protein sorting takes place in the Golgi
complex within two specialized compartments: the trans-
Golgi network (TGN), where newly synthesized membrane
proteins are shuttled to alternate intracellular sites; and the
cis-Golgi network (CGN), where endoplasmic reticulum
(ER) residents are sorted and recycled back to the ER. It
is therefore noteworthy that a 195-kDa Golgi-specific
ankyrin has been localized by immuno-electron microscopy
to the TGN [10], and there is evidence that a Golgi-specific
isoform of erythrocyte h-spectrin functions in ER-to-Golgi
trafficking [11], a process that involves the CGN. Within
both of these compartments, membrane protein sorting
precedes the packaging of membrane proteins into discrete
transport vesicles, which may then be transported across the
cytoplasm in a microtubule-dependant process requiring the
action of microtubule-dependant motor proteins such as
kinesin. Thus, the transport pathways originating at the
TGN and CGN require the coordinated action of several
complex systems including molecular machinery for protein
sorting, membrane vesiculation, and vesicle motility.
In this study, we show that expression of dominant
negative fragments of Syne-1 inhibit recycling of ER
resident proteins from the CGN to the ER by causing these
proteins to accumulate in the Golgi. Interestingly, one of the
Syne-1 fragments was found to alter the distributions of h-
COP and KDEL receptor, both of which are constituents of
the CGN sorting machinery. We conclude that these results
illustrate a role for Syne-1 in retrograde vesicular trafficking
to the ER. This function may include roles in the sorting of
membrane proteins in the CGN as well as the coupling of
vesicle carriers to microtubules and microtubule motor
proteins.2. Materials and methods
2.1. Antibodies
Golgi markers used in this study included mouse mono-
clonal antibodies to h-COP (Sigma, St. Louis, MO), KDEL-
R (StressGen Biotechnologies Inc., Victoria, BC, Canada),
g-adaptin (Sigma), mannosidase II (Covance, Richmond,
CA) and a rabbit polyclonal antibody to giantin (Covance).
Endogenous Syne-1 was labeled with a rabbit polyclonal
antibody described previously [4]. Other antibodies used
included a mouse monoclonal anti-a-tubulin (clone DM1A)purchased from Sigma, monoclonal anti-protein disulfide
isomerase (PDI) (Affinity Bioreagents Inc., Golden, CO)
and a polyclonal anti-PDI purchased from StressGen
Biotechnologies. Fluorescein and rhodamine-labeled goat
anti-mouse or goat anti-rabbit IgG were purchased from
Molecular Probes (Eugene, OR). 7-Amino-4-methylcou-
marin-3-acetic acid-conjugated donkey anti-mouse IgG and
donkey anti-rabbit was obtained from Jackson ImmunoRe-
search Labs Inc. (West Grove, PA).
2.2. Cell culture
Normal rat kidney (NRK, clone CRL-6509, purchased
from ATCC) and African green monkey kidney cells (COS-
1) were plated on tissue culture plates or glass cover slips
coated with 5 mg/ml poly-D-lysine (Sigma) in medium
containing high glucose DMEM (Invitrogen, Carlsbad,
CA), 10% fetal bovine serum and 100 U/ml penicillin and
100 mg/ml streptomycin. Low glucose DMEM containing
0.5% chick embryo extract (Accurate Chemical and Scien-
tific Corp., Westbury, NY), 10% fetal bovine serum and 100
U/ml penicillin and 100 mg/ml streptomycin was used as
growth media for mouse muscle C2C12 cells. All cells were
maintained at 37 jC with 5% CO2 in air.
2.3. Ectopic expression of Syne-1 fragments
For GFP-Syne-1 constructs, Syne-1 PCR products were
cloned using the GFP-NT TOPO cloning system (Invitro-
gen), then sequenced to identify positive clones. The result-
ing constructs encoded recombinant proteins containing
amino-terminal GFP protein fused in frame with various
Syne-1 fragments. The fragments used in this study GSSF1,
GSSF4 and GSSF5 are essentially equivalent to fragments
HAf1, HAf3 and HAf4 of our previous publication [4]. The
only difference being the presence of an N-terminal GFP tag
replacing the HA epitope tag.
Constructs were transiently expressed in NRK, COS-1
or C2C12 cells using Lipofectamine Plus transfection
reagents (Invitrogen). Briefly, 6 Al of Lipofectamine Plus
reagent was incubated with 1 Ag DNA in 100 Al serum-
free DMEM for 15 min before mixing with 10
Al Lipofectamine diluted in 100 Al serum-free DMEM.
After another 15 min, the transfection mix was added to
cells grown on lysine-coated glass cover slips. The trans-
fection mix was replaced after 6–8 h with complete
DMEM. Following transfection, NRK and C2C12 were
grown overnight, while COS-1 cells were grown 72
h before immunofluorescence staining.
2.4. Immunofluorescence
Cells plated on glass cover slips were washed 3 in
phosphate-buffered saline (PBS), fixed with 2% formalde-
hyde in PBS for 10 min, then permeabilized in 0.2% Triton
X-100 for an additional 10 min at 22 jC. For detergent
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formaldehyde fixation as described previously [10]. Follow-
ing fixation and permeabilization, PBS rinsed cells were
blocked in PBS/0.2% bovine serum albumin (BSA), 10%
goat serum, 50 mM ammonium chloride for 20 min, then
incubated with epitope tag or Golgi marker antibodies
diluted in blocking buffer for 1 h at 22 jC. After a PBS/
0.2% BSA wash step to remove unbound antibody, diluted
coumarin-, fluorescein-, or rhodamine-conjugated second-
ary antibodies were added to cells for 30–60 min. Cells
were rinsed with PBS/0.2% BSA and mounted for exami-
nation by epifluorescence microscopy.Fig. 1. Dominant negative inhibitory fragments of Syne-1. (A) A schematic
of the protein sequence of Syne-1 showing the two Golgi binding sites
previously identified (blue). Also shown are the positions of recombinant
constructs used in this study (black bars). (B) COS-1 cells (a–b) C2C12
(c–d) and NRK (e– f) were transfected with recombinant GSSF1 and
stained with the Golgi marker giantin (b and d) or mannosidase (f).
Transfected cells were identified by GFP expression (a, c and e). In non-
transfected C2C12 and NRK cells the Golgi appeared as an extended,
reticular structure that partially surrounds the nucleus (d and f, arrowheads).
In C2C12 and NRK cells expressing GSSF1 the Golgi is condensed into a
highly compacted structure (d and f arrows). In COS-1 cells the Golgi (b)
was unaltered, maintaining a compacted shape and juxtanuclear position. (C)
COS-1 cells (a and b) and C2C12 cells (c and d) were transfected with
GSSF1 and stained with endogenous Syne-1 peptide antibody SN120 (b–d).
GSSF1 localization was again detected by GFP fluorescence (a and green
staining in c). Endogenous Syne-1 redistributed to punctate cytoplasmic
structures (b–d, arrows) formed by GFP-GSSF1 (a and c, arrows). In panel
b, arrowheads indicate the location of the Golgi complex.3. Results and discussion
3.1. Dominant negative inhibitors of Syne-1 function
To identify potential functions of Syne-1 at the Golgi, we
expressed recombinant epitope-tagged fragments of Syne-1
derived from the central region of the molecule with the aim
of identifying dominant negative inhibitors of Syne-1 func-
tion. To determine which of these fragments had a potential
to act as dominant negative inhibitors, we monitored the
effects of fragment expression on the structure of the Golgi
complex and the distribution of endogenous Syne-1. Two
potential dominant negative fragments were identified by
this approach, GSSF1 and GSSF4 (Fig. 1).
As reported previously, the first potential dominant
negative fragment identified by this approach was GSSF4
[4], a fragment that corresponds to the previously described
second Golgi binding site in Syne-1 (Fig. 1A and Ref. [4]).
Although expression of this fragment did not alter the
distribution of endogenous Syne-1, we found that the
structure of the Golgi complex was altered in cells express-
ing the fragment [4]. In untransfected MDCK cells, the
Golgi complex typically appears as reticular elements that
form an extended structure that typically follows the contour
of the nucleus. In contrast, GSSF4 expressing cells showed
a compacted Golgi apparatus [4].
In this report, we used the same approach to identify a
second potential dominant negative fragment of Syne-1,
which we refer to as GSSF1 (Fig. 1A). This fragment was
derived from a region near the amino-terminal end of the first
Golgi binding site of Syne-1 (Fig. 1). When GSSF1 was
expressed in various cell types including COS-1 (Fig. 1B,
panel a), C2C12 (Fig. 1B, panel c) andNRK (Fig. 1B, panel e)
it localized to punctate, cytoplasmic structures. These struc-
tures varied in size and abundance from numerous small
puncta scattered throughout the cytoplasm (Fig. 1B, panel a)
to a more limited number of large puncta with more restricted
distribution (Fig. 1B, panels c and e). Although the exact
identity of these structures is presently unknown, it is likely
that they represent aggregates of the recombinant protein. The
variable expression levels observed in transiently transfected
cells is a possible explanation for the variability in size and
Fig. 2. GSSF1 puncta co-localize with microtubules. COS-1 cells transfected
with GFP-GSSF1 were extracted with TX-100 either before (c and d) or after
(a and b) fixation and stained with an a-tubulin-specific antibody (red). The
GSSF1 puncta co-localized with microtubules. We frequently detected
multiple GFP-GSSF1 puncta aligned on a single microtubule (a and b,
arrowheads). Microtubule association of GSSF1 puncta persists even when
cells are detergent-extracted prior to fixation (c and d).
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nucleation frequency should be concentration-dependent.
As was found with expression of GSSF4, the GSSF1
fragment altered the physical appearance of the Golgi
complex (Fig. 1B, panels b, d and f). Expression of GSSF1
resulted in compaction of the Golgi apparatus in kidney
epithelial cells such as MDCK (not shown) and NRK (Fig.
1B, panel f), as well as in C2C12 myoblasts (Fig. 1B, panel
d). In addition, since the compacted Golgi complexes
observed in transfected cells maintain a reticular appearance
(see Fig. 4), the effects of these fragments on Golgi
morphology are subtle and result in a repositioning of Golgi
elements in the cytoplasm without effecting the overall
structure of the complex. This latter conclusion is supported
by the observation that several Golgi markers including the
TGN marker furin convertase (not shown), the peripheral
Golgi protein giantin (Fig. 1B), the medial Golgi marker
mannosidase II (Fig. 1B) and the Golgi coat protein h-COP
(see Fig. 4) all remain associated with the compacted Golgi
complex. This implies that the basic compartmental organi-
zation of the Golgi is maintained in these cells. Interestingly,
in COS-1 cells, where the Golgi complex normally appears
compacted, neither GSSF4 (not shown) nor GSSF1 expres-
sion (Fig. 1B, panel b) had any effect on Golgi structure. We
therefore conclude that the effects of Syne-1 dominant
negative fragments on Golgi structure is somewhat cell
type-specific, occurring only in cells that posses an extended
rather than compacted Golgi complex.
In addition to altering Golgi structure and generating
cytoplasmic puncta, GSSF1 also disrupted the localization
of endogenous Syne-1, further demonstrating the ability of
GSSF1 to act as a dominant negative inhibitor of Syne-1
function (Fig. 1C). When GSSF1 transfected COS-1 cells
(Fig. 1C, panel a) were stained with an antibody to Syne-1
(Fig. 1C, panel b), endogenous Syne-1 co-localized with
the scattered GFP-GSSF1 cytoplasmic punctate structures
(Fig. 1C, arrows) suggesting the GSSF1 fragment binds to
Syne-1. Moreover, the association of endogenous Syne-1
with the Golgi was diminished in GSSF1 transfected cells
(Fig. 1C, panel b, right arrowhead), compared to untrans-
fected cells where the Syne-1 antibody more prominently
stained Golgi in COS-1 (Fig. 1C, panel b, left arrowhead).
Identical results were observed in C2C12 myoblasts (Fig.
1C, panels c and d) and NRK epithelial cells (not shown).
These results suggest that GSSF1 has the ability to seques-
ter endogenous Syne-1 away from the Golgi complex. It
should be noted that the antibody used to stain endogenous
Syne-1, SN120 [4], which was raised against a peptide that
is not found in GSSF1, does not cross react with the GSSF1
fragment (not shown).
The GSSF1 puncta are distributed in the peripheral cyto-
plasm and tend to be excluded from the Golgi region (see Fig.
1B, panels c and d). Upon staining of GSSF1 transfected cells
with a tubulin-specific antibody, we found the GSSF1 con-
taining puncta co-localized with microtubules (Fig. 2). In
these experiments, we found numerous examples of multiplepuncta aligned along what appeared to be single microtubules
(Fig. 2, panels a and b, arrowheads), an arrangement that
would be unlikely in a totally random distribution. Further-
more, we found that co-localization of the puncta with
microtubules persisted even when cells were detergent-
extracted prior to fixation (Fig. 2, panels, c and d), indicating
that the association of the puncta with microtubules is
detergent-resistant. Thus, the dominant negative Syne-1
fragment GSSF1 forms microtubule-associated puncta that
serve to remove endogenous Syne-1 from its site of action at
the Golgi.
3.2. Syne-1 functions in retrograde transport from Golgi to
ER
Having identified two fragments of Syne-1 that act as
dominant negative inhibitors of Syne-1 function, we next set
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Golgi functions. In this study, we examined the effects of
dominant negative Syne-1 fragments on retrograde traffick-
ing from the Golgi to the ER. The retrograde pathway
recycles ER resident proteins that have accumulated in the
cis-Golgi following the anterograde flow of ER-derived
vesicles to the Golgi complex (for review, see Ref. [12]).
To determine if Syne-1 functions in retrograde transport of
recycling ER residents, we transfected COS-1 and NRK
cells with Syne-1 dominant negative fragments GSSF4 and
GSSF1, and looked at the distribution of PDI, an ER
resident protein (Fig. 3). We anticipated that disruption of
retrograde trafficking would result in an accumulation of
PDI in the Golgi.Fig. 3. PDI redistributes in cells expressing dominant negative fragments
GSSF1 or GSSF4. COS-1 (a– f) or NRK (g–h) cells were transfected with
GFP-tagged GSSF1 (c and d), GSSF4 (a, b, g and h) or the control fragment
GSSF5 (e and f) and stained with an antibody to the ER marker protein PDI
(b, d, f, and h). The ER resident protein PDI normally localizes to an
extensive, reticular ER compartment (b, d, f and h, arrowheads) that fills most
of the extranuclear cytoplasmic volume. However, in COS-1 and NRK cells
expressing GFP-GSSF4 (a and g, arrows), or GFP-GSSF1 (c, arrow) PDI
localizes to a compact Golgi-like compartment (b, d and h, arrows). Similar
observations weremade inMDBK cells (not shown). PDI localization in cells
expressing control fragment GSSF5 resembled that of non-transfected cells
(f, arrowheads).As an ER resident, PDI is normally distributed in
reticular ER compartments that extend throughout the
COS-1 and NRK cells cytoplasm (Fig. 3, panels b, d, f
and h, arrowheads). Typically, the ER in these cells fills
most of the cytoplasmic volume and covers an area roughly
equivalent to that of the nucleus (Fig. 3, panels b, d, f and h,
arrowheads). However, upon expression of either GSSF1
(Fig. 3, panel c) or GSSF4 (Fig. 3, panels a and g), PDI is
found in more compacted, round or disc-shaped structures.
These PDI-positive structures (Fig. 3, panels b, d and h,
arrows) resemble the Golgi complex of these cells in that
they are juxtanuclear and occupy a much smaller region of
the cytoplasm than the ER (Fig. 3, panels b, d, f and h,
arrowheads). Upon transfection with GSSF4, we found PDI
localization to these Golgi-like structures in cells with a
wide range of GSSF4 expression levels (Fig. 3, panel a,
arrows), indicating that the effect occurs even at relatively
low levels of the fragment. In contrast, upon expression of
the control fragment GSSF5, which does not bind Golgi
membranes or effect Golgi structure [4], we found that PDI
remained in an ER-like structure occupying a volume of
cytoplasm equivalent to that of the nucleus (Fig. 3, panel f).
For a more definitive demonstration of PDI localization
to the Golgi in GSSF4-expressing cells, we examined
transfected cells stained with antibodies to various Golgi
markers (Fig. 4). COS-1 (Fig. 4, panels a–c) and NRK
(Fig. 4, panels d–g) cells were transfected with GFP-
tagged GSSF4 and stained with antibodies to both PDI
and the Golgi markers h-COP, giantin or mannosidase.
Note that GSSF4 also serves as an efficient Golgi marker,
consistent with our previous observations [4]. Importantly,
the vast majority of the signal for PDI (Fig. 4, panels b, e
and g) was found to co-localize with Golgi markers (Fig.
4, panels c, d and f), with only a minor amount of signal in
punctate cytoplasmic structures. Some staining at the
plasma membrane was also observed (Fig. 4, panel b).
The frequency of PDI overlap with Golgi was determined
in these experiments by counting the number of transfected
cells that showed obvious co-localization of PDI and Golgi
markers. We evaluated cells transfected with either GSSF1
or GSSF4 and we compared the distribution of PDI with
mannosidase II or giantin. Overall, 56–71% of the trans-
fected cells displayed this phenotype (four separate experi-
ments, n = 36, 36, 21, 20). Staining of control untransfected
COS-1 and NRK cells with antibodies to PDI and Golgi
markers reveals the extent to which Golgi and ER are
normally segregated in these cells (Fig. 4, panels h and i).
PDI was completely excluded from the Golgi in NRK cells
(Fig. 4i) with only a slight overlap in COS-1 cells (Fig.
4h). Thus, we conclude that our transfection studies
indicate that expression of the dominant negative Syne-1
fragments result in efficient redistribution of the ER marker
PDI to the Golgi complex, consistent with a blockage of
retrograde trafficking.
It should be noted that in a previous study we reported
that one of the fragments used here, GSSF1, causes a
Fig. 4. PDI accumulates in the Golgi complex in GFP-GSSF4 expressing
cells. COS-1 and NRK cells were transfected with GFP-GSSF4 (a–g) and
stained with antibodies to PDI (b, e and g) and the Golgi markers h-COP (c),
giantin (d) or mannosidase (f). As we have reported previously [2], GFP-
GSSF4 localizes to the Golgi (a). This observation is reproduced here by
showing co-localization of GFP-GSSF4 with h-COP in COS-1 cells
(compare a and c). Staining with the PDI antibody (b) clearly revealed co-
localization of the ER resident with both GSSF4 and h-COP, indicating that
PDI had indeed redistributed to the Golgi complex. The redistributed PDI
(e and g) co-localized with giantin (e) and mannosidase (g) Golgi markers
in GSSF4 transfected NRK cells. ER and Golgi staining with PDI (h and i,
red) and giantin (h and i, green) in control untransfected COS-1 (h) and
NRK (i) cells show separate and distinct ER and Golgi compartments with
little or no overlap.
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binucleate cells [15]. However, as we reported previously,
only 30% of cells expressing GSSF1 exhibit this phenotype.
While binucleate cells were also observed during the course
of the current study, we purposely examined only mononu-
cleate cells in order to avoid the possible interpretation that
the effects observed on membrane trafficking were an
indirect consequence of disruptions in cytokinesis.
Recycling of ER proteins in the cis-Golgi is facilitated
by the KDEL receptor, which binds the KDEL motif found
in these ER proteins that targets them for recycling [12].
Complexes of recycling ER resident proteins and the
KDEL receptor are then packaged into transport vesicles
through a mechanism involving the Golgi coatamer COP-I
[13,14]. These well-established roles for KDEL receptor
and COP-I coats in the retrograde pathway allowed us to
gain additional evidence that Syne-1 participates in the ER
protein recycling by addressing whether dominant negative
Syne-1 fragments would effect the distribution of KDEL
receptor or COP-I (Fig. 5). Interestingly, altered distribu-
tion of both KDEL receptor and h-COP was observedupon expression of GSSF1 but not GSSF4. Upon trans-
fection with GSSF1, much of the endogenous h-COP was
depleted from the Golgi region, instead localizing to
GSSF1-positive cytoplasmic puncta (Fig. 5, panels a and
b). This extensive co-localization of h-COP with GSSF1
implies either a direct or indirect interaction between the
two proteins. KDEL receptor distribution was also effected
by GSSF1 (Fig. 5e). Normally, the majority of KDEL
receptor is found in the cis-Golgi (Fig. 5f), but in GSSF1
expressing cells KDEL receptor localized to perinuclear
puncta (Fig. 5e), suggesting that the receptor was unable to
localize to the Golgi. These structures appeared to be
distinct from the GSSF1 containing puncta (compare Fig.
5, panels d and e). Expression of GSSF4 had no effect on
the distribution of h-COP (Fig. 5, panel k), suggesting that
the effects of GSSF1 and GSSF4 are mechanistically
distinct. However, it remains a possibility that GSSF4,
like GSSF1, perturbs or interferes with COP-I coat func-
tion, but it does so without causing dissociation of COP-I
from the Golgi.4. Discussion
Our approach to addressing the function of Syne-1
utilized the expression of dominant negative fragments
of Syne-1. As a critical first step in this strategy, we
screened fragments for their ability to alter the structure of
the Golgi complex visualized by light microscopy. This
phenotype was observed upon expression of both Syne-1
fragments examined here: GSSF1 and GSSF4. Alterna-
tively, we also looked for Syne-1 fragments that could
alter the distribution of endogenous Syne-1, thereby pre-
venting its capacity to function at the Golgi. This screen
resulted in the identification of GSSF1. Our observation
that both dominant negative inhibitory fragments cause an
ER marker protein to accumulate in the Golgi supports a
role for Syne-1 in the trafficking of proteins between
Golgi and ER. The Golgi localized PDI observed upon
expression of Syne-1 fragments suggests a trapping of
PDI in the Golgi due to it’s inability to access the
vesicular apparatus that normally facilitates transport back
to the ER. In support of this is the observation that one of
the Syne-1 fragments, GSSF1, causes redistribution of
critical components of this apparatus: h-COP and KDEL
receptor.
The two dominant negative inhibitory fragments iden-
tified in this study, GSSF1 and GSSF4, function by
different mechanisms. GSSF1 forms cytoplasmic puncta
that can recruit endogenous Syne-1, along with at least
one other cytoplasmic protein h-COP. In addition, we
have shown that the puncta formed by GSSF1 associate
with microtubules. Such a microtubule association is
consistent with our previous observations [10,15]. More
recently, we have found by a yeast two-hybrid screening
approach that GSSF1 interacts with the heterotrimeric
Fig. 5. Altered distribution of h-COP and KDEL-R is observed in GFP-GSSF1 expressing cells. COS-1 cells were transfected with GFP-GSSF1 (a, b, d, e, g
and h) or GSSF4 (j and k) and stained with antibodies to h-COP (b and k), KDEL-R (e) and the clathrin adaptor g-adaptin (h). For comparison, non-transfected
COS-1 cells (c, f, i and l) were stained with the indicated Golgi markers. Localization of h-COP shifts from the Golgi in control cells (c and l) to GSSF1-
positive cytoplasmic puncta in transfected COS-1 cells (compare a and b). KDEL-R also redistributes from the Golgi in control cells (f) to cytoplasmic puncta
in transfected cells (e); however, these KDEL-R-positive puncta (e) do not co-localize with GFP-GSSF1 (d). As a control, transfected cells were stained with an
antibody to g-adaptin, a clathrin coat adaptor protein complex AP-1 subunit. GFP-GSSF1 expression had no effect on g-adaptin localization (g–h). GFP-
GSSF4, unlike GFP-GSSF1, had no effect on h-COP, which remained associated with the Golgi (k) and co-localized with GFP-GSSF4 (arrowheads, j and k).
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kinesin-like plus-end directed motors have been implicated
in vesicular trafficking from the Golgi to the ER [16], an
association of KIF3B with Syne-1 is consistent with our
conclusion that Syne-1 functions in retrograde transport.
We speculated that GSSF1 may therefore serves as an
inhibitor of Syne-1 function by facilitating the formation
of a ‘‘dead-end complex’’ composed of Syne-1 and other
associated proteins which are removed from their normal
site of action by kinesin-dependent transport on micro-
tubules. In contrast, GSSF4, which localizes to the Golgi
and alters the structure of the Golgi complex (Fig. 1 and
Ref. [4]), has no detectable effect on the distribution ofany of these proteins, including endogenous Syne-1. It is
likely that GSSF4 instead acts by associating with a
critical binding site on Golgi membranes, thereby prevent-
ing endogenous Syne-1 from accessing the same site.
Since Syne-1 is a very large protein (>8000 amino acids,
[2,4,5]), it is likely that a single Syne-1 molecule could
interact with multiple distinct Golgi binding sites. There-
fore, competition of GSSF4 with endogenous Syne-1 for
one binding site would not necessarily lead to an inhibi-
tion of Syne-1 binding to the Golgi.
The activities of the two dominant negative Syne-1
fragments provide clues for possible functions of Syne-1
in retrograde trafficking. Spectrins are known to facilitate
L.L. Gough, K.A. Beck / Biochimica et Biophysica Acta 1693 (2004) 29–3636the formation of discrete membrane domains, revealing a
potential for the spectrin cytoskeleton to serve as a
membrane protein sorting apparatus [6]. Syne-1 could
serve a similar function at the level of the CGN, where
it could facilitate the sorting of proteins destined to
recycle to the ER. GSSF4, which localizes to the Golgi
[4], is likely to disrupt Syne-1 function by competing with
endogenous Syne-1 for Golgi binding sites. In doing so, it
may block retrograde trafficking by preventing interac-
tions between the putative Syne-1 sorting apparatus and
membrane proteins destined to recycle to the ER. Since
COP-I coats are known to facilitate membrane protein
sorting and vesiculation during retrograde trafficking
[12,13], it is possible that Syne-1, which appears to
interact with h-COP (Fig. 5), acts in concert with COP-
I. Alternatively, the properties of the Syne-1 fragment
GSSF1 suggest an additional role for Syne-1 in the
retrograde pathway. GSSF1 binds kinesin II [15] and
forms microtubule-associated puncta that can recruit en-
dogenous Syne-1, along with at least one other cytoplas-
mic protein h-COP. These observations suggest that the
role for Syne-1 in retrograde trafficking may involve
coupling of vesicular carriers to microtubule-based motors
like kinesin II [15].
Several studies have shown that Syne-1 localizes to the
nuclear envelope [1–3,5]. We propose that our finding that
Syne-1 can regulate retrograde Golgi trafficking to the ER
is consistent with outer nuclear envelope localization,
especially in muscle cells. The nuclear envelope is a
specialized domain of the ER, continuous with the more
diffusely distributed biosynthetic ER. In skeletal and car-
diac muscle cells, the Golgi is held in close proximity to
the nuclear envelope, and we have proposed that the
spacing of Golgi and nuclear envelope binding sites on
Syne-1 suggests a potential to tether Golgi elements to the
nuclear envelope [4]. Importantly, ultrastructural studies
have shown that ER exit sites involved in trafficking to the
Golgi are present on the nuclear envelope, and that they
are found closely opposed to Golgi stacks [17], suggesting
a possible physical association between ER exit sites and
the muscle cell Golgi, reminiscent of similar associations
found in the protozoan Toxoplasma gondii [18] and the
budding yeast Pichia pastoris [19]. Thus, the proposal that
Syne-1 may mediate direct associations between Golgi and
nuclear envelope, together with our observation that Syne-
1 affects retrograde Golgi transport, suggests that a phys-
ical association between ER exits sites and the Golgi is
coupled to functional exchange between these two organ-
elles, and that Syne-1 is at least one of the factors
responsible for this coupling.Acknowledgements
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